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Or the Odyssey of targeting inflammation and 
going back to the classics

“As you set out for Ithaka
hope your road is a long one,
full of adventure, full of discovery” C.P. Cavafy



Being the immunologist in the room…

Or as Ed Yong put it: Immunology is where intuition goes to die…



Conclusions
• Intersect of inflammation and HIV

• IRIS, non-infectious comorbidities, accelerated aging, suboptimal response to 
vaccines/ obstacle to remission strategies

• The higher the CD4 count and the lowest the virus the better- Acute!
• Biomarkers need validation in clinic prospectively

• Late presentation/ treatment initiation key target to affect prognosis and 
inflammation

• Aging associates with inflammation and comorbidities 
• Economy of strategies: evaluating inflammation in all RCT trials of ARVs and 

in remission trials and vice versa, research MUST include women
• Understanding pathogenesis and personalized approaches are needed

• Antiretrovirals choice and tailoring 
• Big data, agnostic approaches, joining big trials
• Genetics/Methylome/Immunome



People living with HIV

• In 2021, 38.4 million people living with HIV.
• 36.7 million adults 
• 1.7 million children (0–14 years)
• 54% of all were women and girls

• 85% of all people living with HIV knew their HIV status in 2021.
• About 5.9 million people did not know that they were living with HIV in 

2021.
• UNAIDS estimates that the number of people aged 50 years or older 

with HIV infection globally increased from 5·4 million in 2015 to 
8·1 million in 2020. Both men and women!



Improvement in mortality gap between PWH and general population



Fontela et al, Sci Rep. 2020; 10: 8922.



Inducers
HIV
Chronic infections: CMV, HCV, HBV
Acute infections: TB, Cryptococcus, PJ
Dying cells

Tissue damage
Mucosal integrity
Tissue fibrosis

TF
coagulation

IFN

CXCL10

Chronic treated HIV: a state of unresolved inflammation

Sensors
Innate cells
• Myeloid, DC 
Adaptive Immunity
• B and T cells, MAITs

Mediators
Cytokines
Chemokines
• Pro-inflammatory
• Anti-inflammatory
Coagulation
Complement

Comorbities
Cholesterol, HTN, DM, 
Smoking, Obesity 

Host (epi) genetics, Age, Sex, Viral subtype, Specific co-infections, Microbiome, Diet, Life style 

Defective resolution
Treg
Tissue resident 
macrophages

CXCL9

Inflammation 2010: New Adventures of an Old Flame- Ruslan Metzhitov/ Cell, 2010, Origin and physiological roles of inflammation- Ruslan Medzhitov/ Nature, 2008



Studies Linking Inflammation to Mortality Among HIV+ 

Systemic Inflammation
• IL-61-7, hsCRP1,5,8, sTNFR-14,5, sTNFR-24

Coagulation
• D-dimer1,2,5,-7, Fibrinogen8

Innate Immunity (Monocyte/Macrophage)
• sCD143-7,9

• sCD16310

Adaptive Immune response
• CD8+ T-cells: CD38+/HLA-DR+ 5
• CD8+ T cells: CD28-/CD57-11

• sIL-2Rα (T-cells)3

• CXCL13 (B-cells)3

Kynurenine Metabolic Pathway (IDO)
• K/T ratio 5-7

Mucosal Integrity
• Zonulin,5 IFABP5

Mortality 
• Non-AIDS death
• AIDS death
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 IL-6/CRP
 sCD14
 D-dimer
 K/T ratio
 CMV
 sTNFR
 suPAR

Modified from Jason Baker



Degree of inflammation pre-ART dictates degree of 
inflammation during ART

Hamlyn et al. AIDS 2015, Baker et al. OFID 2017, Kelesidis et al. CID 2015;61:651, Baker et al. JAIDS 2011, Ledwaba et al. PLoS One 2012,  Gandhi RT et al, PLOS Pathogens. 2017
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Starting at high CD4 counts still decreases inflammatory markers and maintains high CD4/CD8 ratio
Lama et al, The SABES trial, Clin Infect Dis .2021. doi:10.1093/cid/ciaa167



Starting at high CD4 continues to confer clinical benefit well after 
the “START” due to higher CD4

Infectious Disease Society of America’s IDWeek in Washington, D.C. “Long term benefits from early antiretroviral therapy initiation in HIV 
infection: findings from the extended follow up of the START trial.” Oct. 22, 2022,

CD4 count critical in HIV patients on chemo, hospitalizations, monkeypox, COVID-19, vaccine responses, breakthrough 
COVID: Calcins et al, JAMA Oncol Feb 2022, Davy-Mendez et al, J Infect Dis. 2021, Ambrosioni et al, Lancet HIV. 2021, Kava et al MMWR Morb
Mortal Wkly Rep. 2022 Nov. Pallikkuth et al, AIDS 2018, Coburn et al, NA ACCORD JAMA Netw Open. 2022 Jun



Benet et al, J Infect Dis, jiac406, https://doi.org/10.1093/infdis/jiac406

Response to COVD-19 vaccines correlates with CD4 
count

https://doi.org/10.1093/infdis/jiac406


Response to neo-antigens (COVD-19 
vaccines)

• 28 studies (4 retro, 24 pro)
• 3700 vaccinated people with HIV
• Europe (12), USA (5), South Africa (2), China (4), Israel (2), Canada (2)
• 69% mRNA, other platforms 
• Most were with median CD4 ~500, VL<1000 c/mL
• Nine showed association of response with CD4 counts
• Lower seroconversion in CD4<200 cells/µL

Chun et al, OFID, Nov 2022 Lisco et al, ICL at 30: a reappraisal, under revision, 2022-ish



The virus(es)



HIV enters deep sleep in people who naturally control the virus
In a few people living with HIV, the virus remains under control 
without antiretroviral therapy…. the viral DNA that is integrated 
into the host genome is in a deeply transcriptionally repressed 
state.
Nicolas Chomont

Elite controllers and the deep transcriptional sleep

• Lower total and Integrated
• More integrated intact 

(oligoclonal/near monoclonal)
• Centromeric satellite DNA or in 

Krüppel-associated box domain 
containing

• Zinc finger genes on 
chromosome 19

• Distant to transcriptional start 
sites and accessible chromatin
Jiang et al, Nature, 2020.



Casado et al, Scientific Reports, 2020 DOI: 10.1038/s41598-020-58696-y

But EC have higher inflammation, except for the exceptional, 
yet they overall have better prognosis

Capa, L et al. Sci Rep 12, 16356 (2022). https://doi.org/10.1038/s41598-022-
19970-3

Li J et al, Open Forum Infect Dis, 2015, https://doi.org/10.1093/ofid/ofu117, 
Caetano, D. et al. Sci Rep 12, (2022). https://doi.org/10.1038/s41598-022-10330-9

EC Ctl

ART

ART-F

Ctl-F

https://doi.org/10.1038/s41598-020-58696-y
https://doi.org/10.1093/ofid/ofu117


No difference in biomarkers in 
persistently seronegative vs 
seropositive early treated

Open Forum Infect Dis, September 2020, ofaa383, https://doi.org/10.1093/ofid/ofaa383
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Rasmussen et al, Clin Infect Dis, 15 November 2022, 
https://doi.org/10.1093/cid/ciac249

(START)ing at high CD4 counts decreases total virus

https://doi.org/10.1093/cid/ciac249


The earlier the better

Massanella et al, The Merlin Cohort, The Lancet Microbe 2021
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<30 days 31-90 days >90 days

Leyre et al, RV254/RV304, Sci Transl Med 2020



Acute HIV: a window of opportunity for remission interventions?

Gunst et al, Oct 2022, Nature Medicine Climent et al, Oct 2022, Lancet HIV



Hazard ratios (HRs) for the risk of the composite outcome of death, AIDS, or serious non-AIDS events during follow-up in FIRST.

The role of CMV in inflammation and disease prognosis

Levi et al, ANRS/INSIGHT, AIDS36(9):1265-1272, July 15, 2022.doi: 10.1097/QAD.0000000000003238

J Infect Dis, Volume 226, Issue 9, 1 November 2022, Pages 1519–1527, https://doi.org/10.1093/infdis/jiac047

https://doi.org/10.1093/infdis/jiac047


A Study to Evaluate the Anti-inflammatory Effects of Letermovir (Prevymis) in 
Adults With Human Immunodeficiency Virus (HIV)-1 and Asymptomatic 
Cytomegalovirus (CMV) Who Are on Suppressive Antiretroviral Therapy, Plus 
Its Effect on Chronic Inflammation, HIV Persistence and Other Clinical 
Outcomes (ELICIT)

• RCT, open label 
• 180 participants
• Over 40 years of age
• On ART suppressed >1 year
• 1 year follow up
• Letermovir 480mg daily
• Analysis of first 40 participants for futility
• Inflammation: sTNFRIIs (primary), CD163
• CMV+: mucosal, plasma

ClinicalTrials.gov Identifier: NCT04840199



The aging host

Negredo et al, AIDS Care 2022Smith et al, Lancet Infect Dis 2015



Molecular Cell, Gross et al, 2016, DOI:https://doi.org/10.1016/j.molcel.2016.03.019
De Armas, Aging 2021

Methylome & Inflammation show accelerated aging



1.Jaiswal, S. et al. Age-related clonal hematopoiesis associated with adverse outcomes. N. Engl. J. Med. http://dx.doi.org/10.1056/NEJMoa1408617 (2014)
2.Genovese, G. et al. Clonal hematopoiesis and blood-cancer risk inferred from blood DNA sequence. N. Engl. J. Med. http://dx.doi.org/10.1056/NEJMoa1409405 (2014)

CHIP (Clonal hematopoiesis of indeterminate potential)

• WES from 17,182 and 12,380 (no hem malignancies)
• Somatic mutations, most frequent in three chromatin-related genes: 
DNA methyltransferase 3A (DNMT3A), TET methylcytosine dioxygenase 2 (TET2, which 
is involved in DNA demethylation) and the Polycomb group gene ASXL1, which 
maintains repressive chromatin
• Most mutations in genes mediating epigenetic modifications 

(TET2, DNMT3A and ASXL1), hematopoietic cytokine signaling (JAK2), DNA damage 
repair (PPM1D and TP53) or messenger RNA splicing (SF3B1 and SRSF2).

• Associated with malignancies, CVD, HF, T2DM, chronic infection (gamma signaling)
• Associated with inflammation /inflammasome 
• Associated with aging (ARCH)

• Mutations in any of these genes were found in ≤1% of people under 50 years of age, but 
in ≥10% of people aged more than 65 years.

• Only the 40% of people with CHIP who had increased aging biomarkers also had 
increased CVD risk, suggesting that epigenetic aging could be used to identify people 
with CHIP who have greatest need for treatment

https://doi.org/10.1056/NEJMoa1408617
https://doi.org/10.1056/NEJMoa1409405


Tall and Fuster, Nature Cardiovascular Research 2022)

CHIP associates with inflammasome activation and inflammatory cytokines



Nila J. Dharan/ ARCHIVE study group. HIV is associated with an increased risk of age-related clonal hematopoiesis among older adults. Nature Medicine volume 27, pages 1006–1011 (2021)

CHIPs increase in HIV

Bick AG, Popadin K, Thorball CW, Uddin MM, Zanni MV, Yu B, Cavassini M, Rauch A, Tarr P, Schmid P, Bernasconi E, Günthard HF, Libby P, Boerwinkle E, McLaren PJ, Ballantyne CM, Grinspoon S, Natarajan P, 
Fellay J; Swiss HIV Cohort Study. Author Correction: Increased prevalence of clonal hematopoiesis of indeterminate potential amongst people living with HIV. Sci Rep. 2022 Jul 8;12(1):11638. 

Wouter A van der Heijden et al, J Infect Dis, Volume 225, Issue 8, 15 April 2022, 
Pages 1339–1347, https://doi.org/10.1093/infdis/jiab419
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CHIP (Clonal hematopoiesis of indeterminate potential) in HIV

Zhou et al, Clonal hematopoiesis is not significantly associated with COVID-19 disease severity, Blood 2022
Rocco et al, Severe mycobacterial IRIS in advanced HIV has features of hemophagocytic lymphohistiocytosis and requires prolonged immune suppression, 
CID 2022- CXCL9 main predictor of HLH-IRIS (FIRIS), indicates gamma signaling
Rocco and Zhou et al, Unpublished data

Mean age: 43
CHIP 27%



Targeting inflammation in HIV:
where do we go from here?



Start early at high CD4: new 90?

Study biomarkers in the clinic prospectively

Economize strategies by studying inflammation in 
RCT of ARVs and remission trials and vice versa 

Large cohorts/trials, large data, long follow ups

Focus on aging

Thorne et al, Blood Adv. 2022 Mar 8;6(5):1420-1431. doi: 10.1182/bloodadvances.2021006208
Odeny et al. Immunother Cancer 2022, doi: 10.1136/jitc-2022-005128



• 1000 people, ages 8-96, CMV serostatus, clinical questionnaire
• Deep learning: guided auto-encoder (GAE)/ validation cohorts 

of >60 yo and centenarians
• CXCL9 main iage biomarker
• Role of CXCL9 mechanistically validated in vitro, major impact 

on endothelium

Sayed et al. Nature Aging | VOL 598 1 | July 2021 Commentary by M. Luisa Iruela-Arispe

iAge: biologic clock and immunome



Concluding conclusions (same!)
• Intersect of inflammation and HIV

• IRIS, non-infectious comorbidities, accelerated aging, suboptimal response to 
vaccines/ obstacle to remission strategies

• The higher the CD4 count and the lowest the virus the better- Acute!
• Biomarkers need validation in clinic prospectively

• Late presentation/ treatment initiation key target to affect prognosis and 
inflammation

• Aging associates with inflammation and comorbidities 
• Economy of strategies: evaluating inflammation in all RCT trials of ARVs and 

in remission trials and vice versa, research MUST include women
• Understanding pathogenesis and personalized approaches are needed

• Antiretrovirals choice and tailoring 
• Big data, agnostic approaches, joining big trials
• Genetics/Methylome/Immunome



Grateful to team, mentors and all study participants



Questions?
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